INTRODUCTION
Diabetic neuropathy is the most common and debilitating microvascular complication, with over half of all patients developing altered sensation as a result of damage to peripheral sensory neurons. 1 It is considered as "silent complication" and is the cause of 50 to 75% of nontraumatic amputations. 2, 3 It has a profound impact on patients' quality of life and is responsible for majority of diabetes-associated morbidity and mortality. 4 In India, a country with a large proportion of vegetarians due to cultural and religious beliefs, very high prevalence of vitamin B12 deficiency among the general population has been reported. 5, 6 Metformin has been associated with a lowering of vitamin B12 levels for over 40 years. An increasing number of studies published worldwide during the past decade have further highlighted this correlation, but only one has sought to consider its vitamin B12-lowering effect on neurological function and one other to assess the measurement of vitamin B12 levels in those with peripheral neuropathy receiving metformin therapy. 7 Identifying the role of B12 in the etiology of neuropathy is crucial because simple vitamin B12 replacement may reverse neurologic symptoms if confirmed. Vitamin B12 measurements are not always reflective of decreased vitamin B12 status since patients with clinically defined vitamin B12 deficiency do not always have low serum vitamin B12 concentrations. [8] [9] [10] 
Conclusion:
We found that vitamin B12 and holoTC levels were high in patients with DMWN and DMWON groups compared with controls. Our study demonstrated that peripheral neuropathy was not associated with vitamin B12 deficiency in diabetics. These findings merit further research on a larger population to investigate into the cause of diabetic neuropathy, the factors involved, and benefit of vitamin B12 supplementation in these patients.
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measurement of total vitamin B12 itself. 11 Vitamin B12 deficiency is traditionally diagnosed by laboratory findings of low serum vitamin B12 levels, typically in the setting of megaloblastic anemia. However, subclinical vitamin B12 deficiency often presents with normal serum vitamin B12. 12 We have used more specific diagnostic marker holoTC, homocysteine, and folate levels along with serum total vitamin B12 levels to improve the diagnosis of tissue vitamin B12 status in the diabetic population who are suffering from diabetic peripheral neuropathy.
MATERIALS AND METHODS
This is a cross-sectional observational study carried out in a tertiary care hospital. Study included 60 subjects between the age group of 30 to 60 years, 20 healthy controls, 20 known type 2 diabetes mellitus patients with peripheral neuropathy (DMWN), and 20 type 2 diabetes mellitus patients without peripheral neuropathy (DM-WON). All the study subjects were vegetarians. Patients were excluded if they had been on metformin for less than 6 months or if they had a history of alcoholism, smoking or other drug abuse, psychiatric disease, pernicious anemia, stomach or bowel disease, bowel surgery, chronic renal failure or liver disease, and also nonvegetarians.
Clinical Assessment
Medical history was recorded and physical examination was undertaken. Body mass index (BMI) was calculated from height and weight measurements. Peripheral neuropathy was diagnosed according to clinical, electroneuromyography, and autonomic function testing.
Biochemical Investigations
Fasting blood samples were obtained for estimation of plasma glucose (by hexokinase method), glycated hemoglobin (HbA1c by high-performance liquid chromatography), serum vitamin B12, serum folate, and plasma homocysteine (by electrochemiluminescence method). Separated serum is stored at -20°C for the analysis of holoTC (by enzyme-linked immunosorbent assay method).
Statistical Analysis
Descriptive statistics of normally distributed variables is reported as mean and SD and that of non-normally distributed variables is reported as median, 25th, to 75th percentile. To test the differences between two groups, i.e., cases and controls, we used unpaired Student's t-test for normally distributed variables and Mann-Whitney U test for non-normally distributed variables; p < 0.05 was considered as statistically significant.
RESULTS

Baseline Characteristics
Study included a total of 60 subjects that included 40 type 2 diabetes mellitus patients and 20 healthy controls. Out of 40, a total of 20 diabetics with peripheral neuropathy were included in the DMWN group (15 men and 5 women) and 20 diabetic patients without peripheral neuropathy in the DMWON group (9 men and 11 women). The mean age was 54 ± 6.1 years in the DMWN group, 50.8 ± 6.7 years in the DMWON group and 51.2 ± 6.0 years in controls. Hemoglobin A1c was 8.8 ± 2.5% in the DMWN group and 7.7 ± 1.6% in the DMWON group. All the groups' BMI was comparable. Baseline characteristics are shown in Table 1 .
The mean duration of diabetes was 10 ± 1.6 and 6.4 ± 1.7 years in DMWN and DMWON groups respectively, which was significant. Fasting blood sugar (FBS) also has shown statistically significant increase in DMWN group when compared with DMWON group and control group.
Marker of Vitamin B12 Status
In the DMWN group [1013 (564-1501) pmol/L], the serum vitamin B12 levels were significantly higher than in the As shown in Graph 1, serum vitamin B12 and holoTC have a very good correlation (r = 0.95, p < 0.00001). Although markers of vitamin B12 status differed between the groups, it was within the normal range or high in both the DMWN and DMWON groups compared with controls. Holotranscobalamin has not added any additional information on vitamin B12 status of the patient.
Mean levels of plasma homocysteine did not show any statistically significant difference between the groups, which was 12.8 ± 2.9 μmol/L in the DMWN group, 10.9 ± 5.6 μmol/L in the DMWON group, and 9.5 ± 4.5 μmol/L in controls. Mean levels of folate also did not show any statistical difference between the groups ( Table 1) .
The significance of difference for all the variables between the groups was compared by using unpaired Student's t-test. There was no significant difference between the mean levels of age (p = 0.10), BMI (p = 0.84), HbA1c (p = 0.13), folate (p = 0.69), and homocysteine (p = 0.34) among the diabetic groups. Duration of diabetes (p = 0.04) and FBS (p = 0.04) showed significant difference among the two diabetic groups. Contrary to the expectations, total vitamin B12 and holoTC were significantly higher in DMWN group compared with DMWON group and controls.
DISCUSSION
Diabetic peripheral neuropathy is a common disorder and is defined as signs and symptoms of peripheral nerve dysfunction in a patient with diabetes mellitus in whom other causes of peripheral nerve dysfunction have been excluded. 13 It is a collection of syndromes, either focal or diffuse in nature, affecting sensory, motor, and/ or autonomic peripheral neurons. 14, 15 These disorders can range from clinical to subclinical and differ in their anatomical distribution, clinical course, and spectrum of symptoms.
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The mechanisms underlying the development of these dichotomous symptoms remain a significant question. A number of large studies have clearly identified hyperglycemia as a key feature involved in the pathogenesis of diabetic neuropathy. [16] [17] [18] [19] This supports our results, which showed significant increase in FBS in DMWN group compared with DMWON group (p = 0.046) and in comparison with controls (p = 0.0001 for DMWN and p = 0.0008 for DMWON). Poor glycemic control has been recognized as an important risk factor for the development and progression of neurological complications. Glycated hemoglobin levels also showed increase in both the DM groups compared with controls. The Diabetes Control and Complications Trial (DCCT) study found that intensive therapy reduced the risk of developing confirmed clinical neuropathy by 64% compared with conventional therapy after an average follow-up of 6.5 years. 20 Duration of diabetes also showed statistically significant increase (p < 0.0001) in DMWN group compared with DMWON group. Similarly, the EURODIAB study found both duration of diabetes and quality of glycemic control as risk factors for the development of diabetic neuropathy. 19 Thus, prior exposure to hyperglycemia predisposes to greater risk of developing diabetic peripheral neuropathy. 1 Due to hyperglycemia, glucose levels rose within sensory neurons and normal metabolic pathways became overwhelmed and excess glucose was shunted into other ancillary pathways that, under these conditions, became damaging. One consequence of hyperglycemia is the increased and accelerated production of advanced glycation end products (AGEs) in tissues where damage results in secondary complications involving peripheral nerves. Advanced glycation end products have been shown to play a major role in the pathogenesis of diabetic neuropathy. 1 Neurological markers like serum vitamin B12, homocysteine, and folate levels were within normal ranges in both the diabetic groups. Our results are in par with a study by Russo et al. 21 Metformin therapy is associated with a mild vitamin B12 level reduction, but not with diabetic peripheral neuropathy. Of note, only two case reports have been published showing metformin-related B12 deficiency presenting as a peripheral neuropathy. 22 In light of such reports, it has 25 study has shown that increasing plasma vitamin B12 was associated with an up to 3-fold increase in prostate cancer risk, which was independent of age, follow-up time, and disease state at diagnosis. In another study, vitamin B12 has been implicated in genotoxicity in smokers, 26 and some preliminary evidence suggests a possible increased risk of lung cancer with increasing plasma vitamin B12 levels. 27, 28 Our study has limitation due to the small sample size; its statistical power might be insufficient.
Our future consideration is to examine AGE levels that may play a role in the occurrence of diabetic neuropathy independent of vitamin B12 levels in this group of patients.
CONCLUSION
In the DMWN group, serum vitamin B12 and holoTC levels were significantly higher than in the DMWON and control groups, making the decision of vitamin B12 supplementation a complex one. There was no significant difference between the mean levels of age, BMI, HbA1c, folate, and homocysteine among the diabetic groups. Duration of diabetes and FBS showed significant difference among the two diabetic groups. Contrary to expectations, total vitamin B12 and holoTC were significantly higher in the DMWN group compared with DMWON group and controls. Our study demonstrated that peripheral neuropathy was not associated with serum vitamin B12 deficiency in diabetics. These findings merit further research on a larger population using additional markers to investigate the cause of diabetic neuropathy, the factors involved, and benefit of vitamin B12 supplementation in these patients.
